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Abstract 

We argue that in {p + 3)d string theory the existence of NS-NS type p-brane 
with negative tension is essential to obtain background geometry R2 or R^jZ^ on 
the transverse dimensions, and the usual codimension-2 brane solutions with these 
background geometries already contain the negative tension NS-brane implicity in 
their ansatz. Such an argument leads us, in the context of brane world scenarios, 
to a conjecture that true background p-brane immanent in our spacetime may 
perhaps be NS-NS type brane, rather than D-brane. 
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One of the most exciting objects of the string theory may be the brane, a topologically 
stable extended object with its own charge. There are two kinds of branes in string 
theory. The first one is D-brane [U E], which is known to carry R-R charge. The D- 
brane is particularly interesting because it is conjectured that our universe may be a 
stack of D-branes with standard model(SM) fields living on it [HIS]. The next one is NS- 
brane [2|, H] , which is known to carry NS-NS charge. The NS-brane is also interesting 
because it sometimes acts as a background brane O [6] on which the D-branes (SM- 
brane) are to be set, or in some cases it has its own SM-spectrum [7]. In particular, it 
plays an important role in the theories like "Little String Theory" [6l [7]. 

As mentioned above, D-branes carry R-R charges, so they are sources of (or interact 
with) R-R fields, and similarly NS-branes carry NS-NS charges, so they are sources 
of (or interact with) NS-NS fields. These fields turn into one another by S-duality 
transformation, but this does not implies that the D-brane can have NS-NS charge, 
or NS-brane can have R-R charge because the branes as well as the fields also change 
into one another under the S-duality transformation. However, (p + 3)d string theory 
admits an exceptional solution. Namely one can show that (p+3)d string theory admits a 
solution describing Dp-hrane which, however, contains NS-NS component. To be precise, 
it is NS-NS component in the sense that it couples with dilaton with a factor e~^* (we 
will call it simply NS-brane throughout this paper), but the brane is Dp-brane because 
it carries an R-R charge. 

In this report we will first show that {p + 3)d string theory really admits such an 
exceptional solution, and using this solution we will argue that in {p + 3)d string theory 
the existence of the NS-brane with negative tension is essential to obtain background 
geometry R2 or R2/ Zn on the transverse dimensions, and the usual codimension-2 brane 
solutions with these background geometries already contain the negative tension NS- 
brane implicity in their ansatz. Such an argument leads us, in the context of brane 
world scenarios, to a conjecture that true background brane immanent in our spacetime 
may perhaps be NS-brane, rather than D-brane. 

We begin with a (p + 3)d action 



Vs = ^ / d^'-'X^ [R + 4(V$)^] 



2-(p + 2)! 



and a brane action 



' brane 



j d^+'X^-det\g^,\Tp{^)+fij,J , (2) 



where $ is the (p-|-3)d dilaton, and the R-R field strength is given by Fp+2 = dAp+i. 
Also, Qf^i, is a pullback of Gab to the (p + l)d brane world, thus the first term of (2) 
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represents the a-model term. Tp($), on the other hand, represents the tension of the 
p-brane which takes (at the tree level) the form 

T,(<|.) = T^^^e-* (3) 

if the brane is a Dp-brane, while it takes 

Tp($) = Tfi'^^^e-^* (4) 

if the brane is an NS-bran^, where the constants Tq^^ and Tq^^^ are both of the order 
~ The second term of (2) implies that the p-brane is electrically coupled 

with R-R (p + l)-form, and it carries an electric R-R charge ^p. Also the action (1) 
only includes the R-R (p + 2)-form, it does not include NS-NS n-form. So (1) typically 
describes a D-brane in the usual theories. 

Let us introduce a (p + 3)d metric of the form 

dsl_,, = e^^'^dsl + e^^'Mxl , (5) 

where dx^ = dxf + • • • + dx^, and ds^ is given by 

dv'^ 

dsl = -N\f)de + — - + R\f)de^ = gabdy'^dy" . (6) 

In the above metric e"^^^^ is an extra degree of freedom which could have been absorbed 
into ds^, so it can be taken arbitrarily as we wish. Also the metric (6) includes one more 
extra degree of freedom associated with the coordinate transformation f — > f' = F{r). 
The ansatz for the {p + l)-form field is given by 

Ap+i{f) = i{r)dt Adx^ A--- Adx^ Ftn-p = df^ . (7) 

Since the fields do not depend on the coordinates along the p-brane, the above actions 
can be reduced to the following 3d effective actions : 



(8) 



and 



hrane = - j d'yy^^ e^%i<^>)S\f) + fip j d^y^2 m^^f^) , (9) 



^In lOd string theories the tension of the S-dual of a Dp-brane is generally given by = Toe""* 

with n = {p — l)/2. So the NS-brane represented by (4) is not an S-dual of the Dp-brane under 
discussion unless p = 5 (see also footnotes 2 and 3). Nevertheless, the existence of such an NS-brane 
is indispensable for all p to obtain background geometry R2 or R2/Z„ on the transverse dimensions as 
will be discussed later. 
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where ^3 is the 3d Ricci-scalar obtained from gab, and the 2d delta-function 5^(f) has 
been normahzed by J (Pf^/g2 5^(f) — 1, where f = (f, 6) and ^/g2 — V~93/ V~9tt- Also 
in obtaining the above 3d action we have chosen 



A = 4^ -pB , 



(10) 



so that 3d effective dilaton (/){— $ — (A/4) —p{B/A)) vanishes, and the kinetic term for 
Qah becomes the standard Hilbert-Einstein action. 

Let us consider the field equations. It is convenient to consider the equation for ^(f) 
first. It is given by 



--da 



' V-9tt 



which, upon integration, gives 



TT V 996 



and consequently one finds (see (7)) 



(11) 



(12) 



(13) 



which shows that the p-brane located at f = carries an R-R charge iJ,p. The remaining 
field equations are 



NifR')' + NfRH + |^e-^*e" = ^ 



N'fB! - NfRH 



IfR 
4 N ^ 



0, 



{N'fYR + NfRH - -Me-^^e = , 



4 N 



8 N 



2 / 
.NR 



r,($) + 



15Tp($) 



2 9$ 



(14) 

(15) 
(16) 

5'{f), (17) 



r,($) + 



1 dTp{^) 

2 a$ 



where Ti. = 2$'^ —p^'B'+ ^^^'^' B'^, and the "prime" denotes the derivative with respect 
to f. 



(18) 
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Among the above equations, the first three follow from the 3d Einstein equations, 
while the last two are hnear combinations of the equations for $ and B. These five equa- 
tions constitute a complete set of linearly independent equations of motion. However, a 
hnear combination of (15) and (16) gives 

ifRN'y = , (19) 

while (17) and (18) imply 

B = , ^ . (20) 

(p + 1) ^ 

So due to (19) and (20) the number of independent equations reduces only to three, and 

from (10) and (20) the (p + 3)d metric becomes 



J„2 _ 4cE./(p+l) 



,dr 



2 



(-^ + E'dB'') + ( - N'^dt^ + dxl ) 



f211 



In (21), the usual black p-brane solution may be obtained by taking iV(f) = /(r). For 
N = f, (19) is written as 

if)' = I , (&i = const.) , (22) 

and if we introduce a new coordinate r defined by dr/R — dr/r, (22) is immediately 
solved by 

f = bo + bi\nr , {bo = const.) . (23) 

In the present paper we are interested in the extremal type solution which preserves the 
(p + l)d Poincare invariance. So we take bo — 1, bi — 0; i.e., f — N — 1. In most cases 
such an extremal solution possesses maximal unbroken supersymmetry and corresponds 
to a BPS state. 

In terms of the variable r, the metric takes the form 



_ 4<I./(p+l) 



■ {dr^ + r^dO^) + {-dt^ + dxl) , (24) 



and omitting (16) and (18) one finds that the set of three linearly independent equations 
can be written as 

V'lnR+^i,^~C,6Hr) , (25) 
V^4_(?i±i),V = ^C,5^«, (26) 

(27) 



4 



where q = n'^fip/n, and is the flat space Laplacian = [1 / r) {d / dr) [rd/ dr) (so 5^(r) 
is now normahzed by J rdrd6S'^{r) = 1). Also ip and Cj are defined, respectively, by 

(281 



and 



r=0 



C2 = 2«2e2* 



/ — U I- 

From (26) and (28) one finds that ip must satisfy 

VHnij- i^±ll = 47r(a - 1) 6\r) 



(29) 



(30) 



with 



a = 



(31) 

and using (30) one can show that the solution to (25) and (26) (also see (20)) takes the 
form 

R = iii {^r^^Ro , e* = (^r^)^* , = {^r^f^ , (i?o = const.) , (32) 
where ku {M = R, $, B) are 



1 



[p+l) 



2 (p+l) 



while z/j is defined by 
where 

The solution to (30) is [S] 

ao 



^ 47r 27r 



?/'(r) = 



r2[(r/ro)" - (r/ro)""] 
while from (34) 



2 ' 



r = 32 

^""^ = (^+1) 7 



(33) 

(34) 
(35) 

= const.) , (36) 



\roJ 



(37) 

\ro/ 

So the metric (24) now becomes 

dsl_,, = (r/fo)'(^-')(^r2)-2/(^'+^) {dr'' + rV) + (^r2)2/(P+i) {-dt' + dx^) , (38) 

where without loss of generality we have identified the constant i?o in (32) with the 
constant tq in (37). The metric (38) is perfectly well-defined for (3 > 0. Except the 
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logarithmic singularity arising from the conformal factor (^r^)^^/*^''+^) (see (40)), it has 
only a conical singularity at r = for /? 7^ 1 (see (43)). 

Though the solution (32) (together with (36) and (37)) satisfies (25) and (26), we 
still need for consistency to check whether it satisfies (27) either. Substituting (32) and 
(36) into (27) gives a condition 



W + . =0, (39) 



2 9$ 



r=0 



and due to this condition (36) reduces to 



(one can also check, by directly substituting (40) into (30), that (40) is really the solution 
to (30) for a = 0), or if we set tq = exp[^y8/{p + 1) (co/g)] it can be rewritten as 



(p + 1) kVp 1 " 



(co = const.) . (41) 



(41) is a typical form of the 2d Green's function and one finds that in a particular case 
(i.e., for /5 = 1 and for the total dimensions p + 3 = 10) (38) precisely reduces (upon 
taking /Zp = Tq in (41)) to the well known codimension-2 brane solution in [S] (see (3.36) 
of ref.p). 

The tension (3) satisfies (39) because a becomes ~ k^c^Tq^-* for (3), and e* goes 
to zero as r ^ as can be seen from (28) and (40). In fact, Ci and C2 vanish for (3) 
because they are both proportional to e*, and consequently a and P also vanish for (3). 
Since Ci and C2 vanish, the solution to the equations (25)- (27) becomes nonsingular and 
"solitonic". However, the 2d transverse space(= S2) defined by (r, 6) becomes a cylinder 
-Ri X Si for /? = as can be observed from (38). The radius of the cylinder is tq which, 
however, must be taken to be zero because only for this value of fo the transverse space 
S2 admits a codimension-2 brane at r = 0. This is in contrast to the situation of the 
D7-brane in F-theory, where the transverse space becomes cylindrical when the number 
of D7-brane is 12. But in that case the tip of the cylinder is not sharp-pointed, and 
therefore the radius of the cylinder takes a nonzero value there. So if we want to have 
a nonzero fo, we need to blunt the tip of the cylinder just as in the D7-brane solution 
of the F-theory. Turning back to the metric (38) the cylinder spreads out to become R2 
or R2/Zn if we introduce a negative tension NS-brane at r = as we shall see in the 
followings. 

Let us turn to the NS-brane. We observe that the tension (4) of the NS-brane also 
satisfies (39). It strictly satisfies (39) for arbitrary T^^^^ and e* due to its particular 
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functional dependence on But the coefficient Ci and consequently (3 do not vanish 
this time. They are now independent of e*, and only determined by T^^^^] namely 

/3=-^Tr'. (42) 

The effect of the nonvanishing (3 manifests itself in the metric (38). In (38), (3 is related 
with a deficit angle of S2. Introducing a new variable p defined by p/po = {r/foY (and 
choosing po = ^o/P) one finds 

dsl^^ = {i^T^)-^'^+'\dp'' + P^p'de^) + {i^T^f/^'-'\-de + dxD , (43) 

so the deficit angle 6 is given hj 6 = 27r(l — (3). If = 1, S2 is simply (locally) R2- But 
if /5 = l/n, S2 becomes an orbifold R2/Zn with an orbifold singularity at p = 0. Also 
(3 must be positive in order for 6 not to exceed 27r (this condition coincides with that 
imposed on the metric (38)). So in this case the NS-brane should be a negative-tension 
brane (i.e., Tq'^'^'* < 0) as one can see from (42). If /? < 0, however, T^^^^ is positive. 
But in this case 6 exceeds 2n, and E2 turns into compact space. We will briefly consider 
this case later. 

The existence of the NS-brane with negative tension is essential to obtain the back- 
ground geometry R2 or R^jZ^ on the space E2. Recall that the geometry of E2 was 
a cylinder Rx x for /3 = 0. It spreads out to become R^ or R^jZ^ when /3 takes a 
nonzero positive value, or equivalently when the negative tension NS-brane is introduced 
at p = 0. In the absence of the Dp-brane (pp = 0), (43) represents the vacuum with a 
flat geometry R2 when t'^^^ — —2t:/k^ (/3 = 1), while it represents an orbifold R2/Zn 
when Tq^^^ — — 27r/nK^ — 1/^)- So formally, R2 or R^jZ^ is equivalent to a cylinder 
R\ X 5*1 plus a negative tension NS-brane placed at p = 0, and it is conjectured that 
the usual (p + 3)d solutions with background geometry R^ or R^jZ^ already contain the 
negative tension NS-brane implicity in their ansatz. 

The above argument is supported by the fact that the metric (6) (together with 
(5)) is the most general ansatz we can think of for the 3d subsector of the (p + 3)d 
metric. Note that it admits an extra equation (i.e., the equation for R(r)\ which does 
not exist in the case of the usual (p + 3)d ansatz with a fixed geometry R2 or R2/ Zn on 
the transverse dimensions. This suggests that the solution obtained from the ansatz (6) 
would be the one that is closer to the true cxtrcmum of the action than the others. Note 
that fixing an ansatz generally leads to a limited class of geometries. According to our 
discussion fixing the geometry of the ansatz corresponds to fixing the value of (3 from 
the beginning. So for instance the ansatz with a geometry R2 on E2 corresponds to an 
ansatz with a fixed value (3 — 1 or Ci — —An (recall that C2 vanishes for both D-brane 
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and NS-brane), and with this value of Ci (25) turns into a "sohtonic" equation 

In i? + = with R = R/r . (44) 

Observe that the delta function term, being absorbed into R, does not appear in (44). 

It is not clear what makes Tq^^^ to take those particular values, i.e., Tq^^^ = —2'k/k'^ 
for R2 and T^'^^^ = — 27r/nK^ for i?2/^n- One of the answer to this question may be 
found from the supersymmetry preserved by the spacetime. Obviously, the vacuum 
with a flat geometry Pp+i x R2, where P„ represents n-dimensional Poincare space, 
preserves full supersymmetry of the theory whose supercharges are given by the spinorial 
representation of SO{p, 1) x SO (2), and it is also known that orbifolds generally preserve 
(a part of) supersymmetry under certain conditions [4j. Since these spaces are stable 
by the supersymmetry, it may be conjectured that Tq^"^^ prefers those particular values 
above all others. 

It is known that negative energy objects generally lead to instabilities or unusual 
gravitational effects [lOj. However, some negative tension objects such as orientifolds 
[TT] of the string theory are very well-defined [12] and even find good applications [13]. 
Indeed, negative tension brane fixed at orbifold fixed point is generally known to be 
free from such instability problems, which is a similar configuration as our case where 
a negative tension NS-brane is fixed at the orbifold fixed point p = 0. So the action 
does not include the pathological negative-definite kinetic energy term which causes an 
instability of the negative tension objects]!!]. The literatures supporting the stability 
of the negative tension branes can be found in JT5], and in particular the stability of the 
codimension-2 negative tension brane has been discussed in [T6] . 

Apart from this, our negative tension brane has a special feature. As mentioned 
previously the role of the negative tension NS-brane is just to spread out -Ri x 5*1 to 
convert it into R2 or i?2/^n.- Once S2 becomes R2 or R2/Zn, the negative tension NS- 
brane essentially disappears in compensation for it. It is absorbed into the background 
space and does not show up anymore (see (44)). So S2 simply appears as R2 whose 
ADM mass is just zero, or the orbifold R2/Zn whose ADM mass is positive, implying 
that there is no negative energy object in the space. The negative energy object only 
appears for j3 > 1. For (3 > 1, the deficit angle and the ADM mass of S2 are both 
negative. Since no negative energy object appears in the space (namely since they have 
been absorbed into R2 or R2/Zn), the stabihty problem of the negative tension NS-brane 
reduces to the stability problem of the background space R2 or R2/Zn which, however, 
known to be both supersymmetric and stable. 

Though the negative tension NS-brane does not manifest itself in the space R2 or 
R2/Zn, its effect on the geometry of these spaces is crucial. In order to see this easily 
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it is convenient to assume that the D-brane and NS-brane are seperately well-defined. 
Now consider a configuration that a D-brane is introduced at the orbifold singularity of 
R^jZn, or at the orgin of R^. This amounts to increasing C\ by bC\, and consequently 
(5 by However, since NS-brane is much heavier than D-brane the increment bC\ (or 
5/5) will be very small as compared with Ci, and the ratio 5Ci/Ci (or 5(3/(3) is in fact 
of an order ~ e* which goes to zero as e* ^ 0. If we consider, on the other hand, the 
change 5Ci{5(3) due to quantum fiuctuations of SM fields with support on the D-brane, 
the ratio 5Ci/Ci gets even smaller; it is of an order ~ e^* [5], which implies that the 
geometry of S2 is virtually unaffected by the quantum fluctuations of SM fields living on 
the D-brane. In the brane world models the intrinsic curvature of the brane is a priori 
zero. So the whole quantum fiuctuations of SM fields entirely contribute to changing 
the bulk geometry, and hence the bulk geometry is generally disturbed severely by the 
quantum fiuctuations. In our case, however, the disturbance due to quantum fiuctuations 
is highly suppressed as mentioned above. The bulk geometry, as well as the fiat geometry 
of the brane, is practically insensitive to the quantum fiuctuations and such a feature 
is essential to addressing the cosmological constant problem. Namely it provides a new 
type of self-tuning mechanism with which to solve the cosmological constant problem 



The solution obtained in this paper has an unusual property. It contains both NS- 
brane and D-brane components ; it couples to the gravity with a factor e~^*, while 
it carries an R-R charge. The NS-brane component is essentially used to obtain the 
background geometries like R2 or i?2/^n- So once these background geometries are 
obtained from i?i x ^i, the NS-brane hides itself behind the background space and we 
are only left with a D-brane with an R-R charge. This may not be distinguished from 
the usual configurations where a D-brane is placed on the background space R2 or R2/Zn 
from the beginning. To find the relation of our solution to the existing solutions let us 
dualize Fpj^2 to the magnetic 1-form Fi(= *-Fp+2) in (1). It was shown in [T^ that the 
action (1) plus (2) is classically equivalent to the action 



Thus field equations are basically the same as before except that (11) is replaced by the 
equation for Fi : 



0. 




(45) 



plus 




(46) 




(47) 
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The solution satisfying both (47) and the Bianchi identity d\aFi,] = is = constant = 
K^liplT:. So Fx satisfies 

where 5*1 is a circle around the origin where the p-brane is located. Observe that (48) is 
consistent with (13), but /ip is now a magnetic charge because the brane is a magnetic 
source under F^. Since Fx = da, a representing the axion field, we get 

a = {-r^'^9 = i-r'Qd, (49) 

where we have set = 1. Since field equations are essentially the same as before, so 
also is the solution. In the Einstein frame it is given (see (38) and (41)) by 

dsl^, = -de + dxl + {L)-s/^h{rf/(p+^)^dr'' + r'^de''] , (50) 



h{r)-' , (51) 



where 



(52) 



Let us now return to the case of p = 7 since in that case we have a full lOd string 
theory ^ and our solution may be relatively well understood in relation to the D7-brane 
or (p, q) sevenbrane of the type IIB theory. For the 7-branes it is customary to use the 
complex coordinate defined by 2; = re*^. In the Einstein frame (45) can be rewritten as 



(53) 



where t = a + ie * = ri + ir2. The equation for r following from this action takes the 
form 

ddr + 2—^ = , (54) 

T — T 

which is trivially solved by any holomorphic or antiholomorphic function of z. Also for 
such r, and for an ansatz 

ds'^ = —dt^ + dx^ + H{z, z)dzdz , (55) 
the Einstein equations take the form 

ddhiH = dd\n.T2 . (56) 



^From the lOd string theoretical point of view, the {p + 3)d action of this paper with p < 7 may be 
identified with the reduced action in [18 (with the additional scalar truncated), which gives a family 
of deformed Dp-branc solutions. 



10 



Though (54) is trivially solved by any holomorphic or antiholomorphic function of 2;, r 
is not allowed to be any arbitrary complex number. Since (53) has an SL{2, Z) invariance 
(at the quantum level), and the SL{2,'Z) modular transformation of r reproduces the 
same torus, r is restricted to lie in the fundamental domain. A well-known modular 
invariant solution to (56) is the D7-brane solution of the F-theory given by 

H{z,z) = T2'rfff\z''^\^ , (57) 

where t] is Dedekind's function and N is the number of D7-branes located at 2; = 0. Also 
a suitable choice for t{z) would be 

Tiz) Inz (58) 

near z = 0. Observe that (58) is consistent with (49) and (51) if we set /ip = A^. With 

this choice for r, encircling the point z = Q induces the monodromy ^ ^ 1 ) ^ '^'-^(2, Z) 

for A^ = 1, which ensures that the brane at 2; = is a (1,0) sevenbrane, i.e., D7-brane. 
This D7-brane solution is distinguished from (50) by the following facts. First, the scale 
factor H{z^ z) is so adjusted that it never vanishes at 2; = 0, and therefore it is regular at 
z = while (50) has a conical singularity there. The conical singularity at z = seems 
to be unavoidable if one insists that the metric should be rotationally symmetric. It 
was argued in that in general the magnetic 7-brane solution preserving Pg x SO {2) 
symmetry must be of the form (50). Note that (57) is not rotationally symmetric. 

Though these two solutions do not coincide near 2; = 0, they asymptotically com- 
patible with one another if we take 5 properly. At infinity (57) becomes H{z^ z) ~ 
T2 {zz)"^^^"^^ which accords with (50) if we take 5 = ^N. Also since (49) produces the 
same monodromy as (58) for fip = 1, our solution described by (50) essentially corre- 
sponds to a D7-brane solution. For these reasons we may say that (50) is a rotationally 
symmetric version of (57), or conversely (57) is a regularized version of (50). This sug- 
gests that they are basically of the same kind both describing D7-branes, which then 
leads us to a conjecture that the background space of the D7-brane described by (55), and 
consequently the background space of the {p,q) sevenbranes either, the SL{2,'Z) fam- 
ily of the D7-brane, all contain the negative tension NS-brane implicity in their ansatz 
just as in the case of the rotationally symmetric solution (50). This conjecture can be 
immediately extended to the brane world scenarios in the context of F-theory. Namely 
in F-theory, the D7-brane or the {p, q) sevenbrane wrapped on a 4-cycle corresponds to 
the 3d space where we live, and therefore the conjecture is that true background p-brane 
immanent in our spacetime may perhaps be NS-NS type brane, rather than D-brane. 
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Apart from this, it is interesting to observe that an individual D7-brane of the F- 
theory also contains an NS-NS component in itself§ Recall that the D-brane tension 
(3) can not generate a deficit angle of S2. But we see that (57) exhibits a deficit angle 
5 = 7r/6 at infinity, which suggests that the D7-brane described by (57) may carry an 
NS-brane component with a tension given by (4). But in this case Tq^^^ associated with 
an individual D7-brane is positive on the contrary to the case of the background space. 
Such a feature of the D7-brane is entirely due to the factor (57), which has 

been introduced to avoid the singularity at z = pT], but gives a deficit angle at infinity 



instead. Since the deficit angle due to D7-branes is given hj S = (or /3 = 1 — H), 
if we apply (42) to these D7-branes the corresponding Tq^'^'' becomes 

- "2;? " 12^ • ^^^^ 

So if < 12, Tq^^^ is negative, and this corresponds to the case where the deficit angle 
is less than 27r and the 2d transverse space S2 is non-compact. Also if A^ = 12, Tq^'^'' 
vanishes, and in this case the deficit angle is precisely 27r, so S2 is a cylinder Ri x Si. 
Finally if A^ > 12, T^'^^^ becomes positive, and this corresponds to the case where 6 
exceeds 27r. In this case the transverse space S2 is "eaten up" by the D7-branes and it 
becomes compact. In particular, if A^ = 24, which corresponds to 6 = An, E2 becomes 
520 

In (59), A^ = gives Tq^"^^ = — 47r/2/t^, which corresponds to (3 = 1, and therefore 
the background space R2 without any D7-brane. In general case, in the absence of the p- 
branes /? must be of an order /3 ~ 1 in order for S2 to have a (local) background geometry 
R2 or Ri/Zn. Since ~ l/M^+3 and |To^^^^| ~ Mf+^ (where Mp+3 is the (p-|-3)d Planck 
scale), /? ~ 1 implies Ms/Mp+3 ~ 1. This accords with the hierarchy assumption that 
there exists only one fundamental short distance scale (i.e., the electroweak scale rriEw) 
in nature, which again supports the conjecture that the a natural background p-brane 
of our universe would be NS-NS type brane, rather than D-brane. 
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■^This NS-NS component is different from the one that results from the 5L(2,Z) transformation 
of the D7-brane. Recall that the monodroniy generated by the 7-brane under discussion is anyhow 




, not ( ^2 I + pq J '^^ ^^'^ '^-^ sevenbrane. Also S-dual of the D7-brane (for instance 



the exotic NS7-brane 20J) has a tension of the form T ^ Tq ' e^'^* instead of (4). See the next lines. 

^The radius of S2 would be equal to fo which, however, is zero in our case unless the conical 
singularity at r = has been blunted. 



12 



References 



[1] J. Polchinski, TASI Lectures on D3-Branes, hep-th/9611050 



[2] C. V. Johnson, D-branes, Cambridge University Press (2003). 

[3] Z. Kakushadze, S. -H. Henry Tye, Brane World, Nucl.Phys. B548, 180 (1999) 
|hep-th/9809147,]; 

R. Sundrum, Effective Field Theory for a Three-Brane Universe, Phys. Rev. D59, 

085009 (1999) [ hep-th/ 9805471|; 

R. Sundrum, Compactification for a Three-Brane Universe, Phys. Rev. D59, 

085010 (1999) |hep-ph/9807348|; 

Also see, for instance, D. Cremades, L. E. Ibanez and F. Marchesano, Standard 
Model at Intersecting D5-branes: Lowering the String Scale, NucL Phys. B643, 93 



(2002) [hep-th/ 0205074|; 

C. Kokorehs, Exact Standard model Structures from Intersecting D5-Branes, NucL 
Phys. B677, 115 (2004) | hep-th/020723 4|. 

[4] J. Polchinski, String Theory, Vols. I and II; Cambridge University Press (1998). 

[5] E. K. Park and P. S. Kwon, A self-tuning mechanism in (3-l-p)d gravity- scalar 
theory, J. High Energy Phys. 11, 051 (2007) |hep-th/07 02T7ll . 

[6] S. Elitzur, A. Giveon, D. Kutasov, E. Rabinovici and G, Sarkissian, D-Branes 
in the Background of NS Fivebranes, J. High Energy Phys. 08, 046 (2000) 
|hep-th/0005005 2]; 

0. Aharony, A brief review of "little string theories". Class, and Quant. Grav. 17, 
929 (2000) |hep-th/9911147] ; 

1. Antoniadis, S. Dimopoulos and A. Giveon, Little String Theory at a TeV, J. 
High Energy Phys. 05, 055 (2001) |hep-th/01 03033|; 

D. Kutasov, Introduction to little string theory. Lectures given at the Spring School 
on Superstrings and Related Matters, Trieste, 2-10 April 2001. 

[7] N. Seiberg, New theories in six dimensions and matrix Description of M-theory on 
T^ andTyZ2, Phys. Lett. B408, 98 (1997) p^th/9705221] ; 
M. Berkooz, M. Rozali and N. Seiberg, Matrix Description of M-theory on T^ and 
T^ Phys. Lett. B408, 105 (1997) | hep-th/9704089] . 

[8] S. Deser and R. Jackiw, Three-dimensional cosmological gravity: Dynamics of 
constant curvature, Ann. Phys. 153, 405 (1984). 



13 



[9] M. J. Duff, Ramzi R. Khuri and J. X. Lu, String Solitons, Phys. Kept. 259 213 
(1995) )hep-th/9412184 . 



[10] See, for instance, D. Marolf and M. Trodden, Black holes and instabilities of neg- 
ative tension brane, Phys, Rev. D64 065019 (2001) | hep-tfi/1010213p ]; 
See also tlie references cited in [14]. 

[11] P. Hofava, Strings on world-sheet orbifolds, Nucl. Pliys. B327 461 (1989); 

J. Dai, R. G. Leigli and J. Polcliinski, New connections between string theories, 
Mod. Pliys. Lett A4 2073 (1989). 

[12] See, for instance, R. Y. Donagi, J. Klioury, B. A. Ovrut, P. J. Steinliardt and 
N. Turok, Visible Branes with Negative Tension in Heterotic M-Theory, J. Higli 
Energy Pliys. 11 041 (2001) [liep-tli/0105199 |. 

[13] L. Randall and R. Sundrum, A Large Mass Hierarchy from a Small Extra Dimen- 
sion, Phys. Rev. Lett. 83 3370 (1999) [he p-ph/9905221] ; 

CP. Burgess, R.C Myers and F. Quevedo, A Naturally Small Cosmological Con- 
stant on the Brane?, Phys. Lett. B495 384 (2000) [hep-t h/9911164|; 
J. Khoury, B. A. Ovrut, P. J. Steinhardt and N. Turok, The Ekpyrotic Universe: 
Colliding Branes and the Origin of the Hot Big Bang, Phys.Rev. D64 123522 
(2001) [hep-th/010 3239|; 

W. Chen, Z.-W. Chong, G. W. Gibbons, H. Lii and C. N. Pope, Hofava-Witten 
stability: eppur si muove, Nucl. Phys. B732 118 (2006). 

[14] C.P. Burgess, F. Quevedo, S.-J. Rey, G. Tasinato and I. Zavala, Cosmological 
Spacetimes from Negative Tension Brane Backgrounds, J. High Energy Phys. 10 
028 (2002) | hep-th/0207104j . 

[15] D. Marolf and S. F. Ross, Stringy negative-tension branes and the second law of 
thermodynamics, J. High Energy Phys. 04 008 (2002) (hep-th / 02 02091); 
J.-L. Lehners and N. Turok, Bouncing Negative-Tension Branes, [0708.0743]. 

[16] S.L. Parameswaran, S. Randjbar-Daemi and A. Salvio, Stability and Negative Ten- 
sions in 6D Brane Worlds, [0706.1893]. 

[17] E. Bergshoeff, J. Hartong and D. Sorokin, Q7-branes and their coupling to UB 
supergravity, J. High Energy Phys. 12 079 (2007) [hep-th/0708.2287]. 

[18] E. Lozano-Tellechea, T. Ortin, 7-Branes and Higher Kaluza-Klein Branes, Nucl. 
Phys. B607 213 (2001) (hi^h/0012051] . 



14 



[19] M. B. Einhorn and L. A. Pando Zayas, On Seven-Brane and Instanton Solutions 
of Type IIB, Nucl. Phys. B582 216 (2000) (hep-th7 0003072| . 

[20] E. Eyras and Y. Lozano, Exotic Branes and Nonperturbative Seven Branes, Nucl. 
Phys. B573 735 (2000) [hep-th/9908094] . 

[21] B. R. Greene, A. Shapere, C. Vafa and S.-T. Yau, Stringy Cosmic Strings and 
Noncompact Calahi-Yau Manifolds, Nucl. Phys. B337 1 (1990) 



15 



